Luminescence from naphthalene alloys is quenched by long-range exciton hops. These are modeled by long-range random walks on long-range percolation clusters with a range-dependent hopping time. Both linear and exponential range dependencies are simulated, over nearest to fifth nearest neighbor hops. At critical percolation thresholds the random walk properties obey the superuniversality hypothesis (spectral or fracton dimension of about 4/3). However this asymptotic limit is approached at different rates for different functional forms of the hopping time (constant, r, er, 10r).
Recent luminescence experiments on isotopic mixed naphthalene crystals were interpreted in terms of fractal energy transport* 4 Basically this involves random walks on percolation clusters (defined by the C 10H8 in the C10D8 host).
However, these clusters are defined via long-range bonds and the long-range random walks were assumed to be in the same universality class (spectral dimension) as nearest neighbor walks on ordinary percolation clusters. The question is not only whether the asymptotic (long time) behavior is the same but also how soon such asymptotic behavior is approached (considering the finite experimental time-scale).
The static properties of long-range percolation are well-studied. expected to crossover 8 to a classical behavior, where f = 1 for 3-dimensional perfect lattices, but f~1 for 2-dimensional perfect lattices. Below the threshold we expect an effective exponent f, where 0 < f < 2/3.
The jump probability depends on the distance between sites. For each walk a maximum range of interaction is defined and jumps are allowed to take place only to sites within this range. We vary this range from R = 2 to R = 5 lattice distances. The hopping frequency~(r) is a function of the distance r.
In this work we treat four functional forms: (a) constant, (b) r~, (c) e_r, 5'6 We plan to pursue the long-time limit in another study.
Similar behavior to that of R = 2 (Figures 1,2 ) was also obtained for R = 3
to R 5.
In summary, we have performed simulation calculations at the critical percolation threshold for binary lattices with long-range interactions. Our results show that scaling and universality of the fractal behavior are largely intact. In the short-time limit that we investigated (up to 5000 steps) the qualitative results showed an effective exponent f somewhat smaller than expected. This is also in agreement with recent experimental observations2'3'ã nd simulations.12
